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CHDJA' S ARONAL~cAL FORGINGS AND CASTINGS REVIEWED

23
Liu Duopo - , Zeng Fanchang , and Xue Yanlu 3

CiLna Aeronautical Forgings and Castings Technology Import and Extort Association

At an Aeronautical Forgings and Castings Trade Fair sponsored by the Aero-

nautical Forgings and Castings Technology Import and 'Export Association (of the

China National Aeronautical Technology Import and Export Corporation), more than

'00 items of CiLnese-made goods were exhibited, including aeronautical forgings,
castings, forging dies, casting molds, oowder metallurgical products, and titanium

alloys and products. These goods symbolize China's production capability and

technical level of aeronautical forgings and castings, with excellent qualities

of these products.

Production Capability of Aeronautical Forgings and Castings

With the establishnent, development and growth of China's aviation industry,

metallurgy industry, machinery manufacture industry, and professional research

organizations, China has acquired the production capabilities of high-quality
fcrxing-s and castings for various models of military and civil aircraft, engines

Liu is a vice chairman and senior engineer of the China Aeronautical Forgings

and Castings imrport and Export Association (Aeronautical Association).
2Zenq is a standing director and engineer of the Aeronautical Associaticn.

Xue is a metallurgy engineer of the Aeronautical Association.



and accessories. As early as tne mid-1960s, China was able to produce various
metal materials and large forzins required by aviation industry.

At rresent, all aeronautical castings have been produced by China's aviation

i-ndustrial diepartmnts. Only about 10 percent of the forging items (large

_ rnsus -and ncn-t'errous for~ings) are supplied by the metallurgy and civilian

machiery idustrf.al departments; the other 90 nteroent of forgings are produced

nV a.aton industrial derartments.

ReqazdInR the production f'acilities of aeronautical forgings in China, major

aciliti4es include 10- and 16-ton die forgingz hammrers, 25 ton-meter hanrner-to-

niarr~er-striking (without an anvil) machines, 40 ton-meter gunpowder-powered hamrmers,

1M0 ton* meter high-speed haniners, 12,000-ton free forging hydraulic presses, as
w.ei7 as 13,000- and 30,000-ton die forging hydraulic presses. Those small- and

:2e~u-siedfog~ngs (as well as blades) are manufactured with 6. t30 ton-meter

hih-soeed-hasrner forging mchines, 1600- to 4000-ton hi-ot die-forging mechanical

nrrsses, 1,60- to 1000-ton friction presses, as well as 5-ton (and less) die forging

-a.'-ners and free frighamm~ers. Those hydraulic screw hammner presses (Imported

ro m abroad recently) will be used in precision forgings of blades and complex-

,)fcnguation ztarts. TIn-, roduct- in of ring-shaped -7cods, broaches are used in

whole._,--piece rclling of various types (700 to 1500 mmr in diameter) of ring-shaped

p art s; this 'is an economical and practical technique.

Regardirg aeronautical casting production, the aviation industr-I departments

h ave the following faci-lities: forrning, smelting, pouring and cleaning of sand

casting, metal dIe casting, melting-mold precision casting, pressure casting, and

-entrIfugal casting. With these facilities, ordinaryj and precision castings of

corrr lex shapes can be produced. The hollow turbine blades, hcllow tidinjg blades

,made waIth ceramic-core nrecision castingz technique), and c ther turbine blades

(made with the directIonal condensation technique! will be successfily assembled

in advanced aircraft engnes.

M4creover, the aviation industrial departments can pr-duce hiigh-purity i-

characteristics mother alloys while making high-teimerature alloy castinirs.

DiaQ~rars on the bacK cover show Ch1inese-made aircraft and the tTical 'rIg

and castings in an aircraft enizine.



J..ina's aviation industry has a very high production capacity in making

fbr_in :s and cast ings. Besides meeting domestic demands, the industry exports

_.-'i.ngs and castings of different usages. Chinese aeronautical forgings have

began to be exmorted by the aviation industry. China's aviation forging and

2asting rlants (and shops) have fully-equipped, modern inspection equipment and

quality control laboratories. In the various manufacturing steps of forging and

casn products, from raw 0material to forging, casting and heat treatment, strict

qualty control is conducted. The Beijlng Aeronautical 1hterial Institute is a

research center studying new materials, heat treatment technique, and quality

ccntrco of China's aviation industry.

Teclhnical Level of Aeronautical Forgings

Th.e important criteria in evaluating the technical level of forgings -are

such zeometrical factors as dimensions, shapes and precision, as well as material

utilization rate and metallurgy quality.

At resent, -he forging press engineering circles, both domestic and abroad,

are~ exertln~z "he'~ rfforts in developing large inte 'ated and precision forgings.

:nte._cation leads to an improvement of structural design of the aircraft and its

en.gine; this is an imortant means to raise structural strength, -reduce structural

weizht, ard exploit material potential. in modern high-speed aircraft and aero-

engines, more and more large inteRT-al structural members are used in place of the

rast method of assembling several parts into cne structural member. Precision

forin .an reduce the excess amount for machining to a mintmum so that the
:'r-niz shapes are as close to the finiished products as possible; precision in

f~rgings can be achieved by improvirg technique and design. At present, in China

;enerally the material utilization rate of large aviation forgings is approximately

IC tc 25 percent. Abroad, large investment was laid out to develop heawri forqing

.cresses in order to carry out integration and precision techniques. Proceeding

-:cward this target, China's aviation industr-y does not solely seek larger tonnage

in forging presses; the Chinese stress to seek the best technique and design of

Vorgings to rationally specify tthe process cf iefornation technique and anly

such technlca. measures as are helpful to reduce metal deformation resistance

and stress in order to produce larger and more precise aeronautical forings.

...L n s



The tart itined integral forging members in an aircraft are die forged with
0, n or a large steel compressor disk, the diameter

cf Lhe f'rging piece is 960 mm, disk height is 210 mm, and the thickness of

radial elates is 25 mm. in China, the compressor disks are die forged on a
12,0CC-tcn hydraulic press. Abrcad, the disK is die forged on a hydraulic press

c more t han 30,000 tons.

-Lzure ! shows a thermad high-strength titanium alloy compressor disk; the
ianeter -' Its -org-irg piece is 514 -m, the height of the wheel rim is 44 m,

and the thiclmess of the radial olates is 17 nm. This forging piece requires a

pressure of 18,000 tons on a die forging hydraulic press. After improvement in

technical design, a 40-ton-meter hammer-to-hammer-striking (without an anvil)

7uchine can produce an identical disk forging, whose texture properties are good

and croduction cost is drastically reduced.

ig. 1. Thermal high-strength titanium alloy compressor disk (left)
and its low-multiple texture (above).

in production of thermal. high-strength titanium alloy compressor disk

forgngs, abroad the compressor disk forgings are mostly produced on large hydrau-

lic presses. in China, after a series of technical tests conducted by aviation

for~ing-press engineering circles, it was concluded that a titanium-alloy disk

produced with high-speed forming equipment (hammer striking speed about 15 meters

per second) has a compact texture, rational streamline distribution, and desirable

2omrrehensive properties with considerably lower forging costs and energy consump-

tion. I.ese -advantages cannot be obtained by using large hydraulic presses.
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The hijh-speed forming technique can be used not only in forging of disk

ieces, but also in batch production of compressor stainless-steel blades and

titaniuir-alloy blades. China used high-sLeed hanmers (6.5 to 75 ton-meter) to

croduce compressor blades and large Can blades; these blades were fitted in

nocraf' engines (see Fig. 2).

Fig. 2. Titanium-alloy (Ti-6A1-4V) compressor blades
oroduced with high-speed hammer extrusion.

With a thermal die-forging mechanical press, we were successful in precision

fcrng zf Ti67 9 comoressor blades used in the Spey engine. The blade forgings

-c not reauire machining; only polishing is sufficient. The shapes, dimensions,

precision and allowances of blades meet the technical reauirements of precision-

fCr~ed blades. The texture properties are good (see Fig. 3).

U

Fig. 3. Precision forging steps of high-pressure

second-stage compressor blade used in Spey engine.



With a 2 ld nrecislon rolling technique, Crl7Ni2 stainless-szeel blades can

be cr!Dduced; the blades are highly precise, require no excess amount (for machin-

Lnzi cf forged piece, are higher than 'V8 in degree of surface finishing, and have

-Cod streamline directions. 'he service life of a rolling mold is five times

that of an ordinary forging die; a set of rolling molds can roll 30,000 to 50,000

blades. T'he material utilization rate of the cold precision rolled blades can

Ce raised from 11 tercent (for ordinary die forging of blades) to 34"50 percent.

,ome aL:i raft engine plants built cold precision roiling blade production line;

batch -roduction of blades has begun.

The multi-directional die forging technique is another means of producing

more crecise forgings and improving the service properties. Multi-directional

4ie forming is adapted to the production of comlex-shaped forgings with internal

cavities or convex rims. Through cooperation between the Beijing Aeronautical

Material institute and some aircraft plants, there were successful trial manu-
factures of fuel-oil pump casing of the Spey engine (see Fig. 4), missile nozzles,

hydraulic booster cylinders, engine frame supports, and other complex die forged

tarts of various types.

Fig. 4. Fuel-oil pump casing of
Spey engine.

Regarding production of medium- and small-size aluminum alloy forged parts,

China's aircraft plants supplied more and more planar and volumetric precision

forged parts; also developed were large aluminum forgings and refinement of

blanIks.



f-ec,.nical Level cf Aeronautical Castinrs

7-e -advacement in develorment and level of production technique in aviation

casr-cs is 7anifested in a f'low of modern casting alloys, ensuring metallurgical

.. __, ad ..recision casting technique.

.......- ...r _ alloys used for casting, China has formed a series in

:'viuc~icr and a clications. in China, :here are more than 20 castir-nz high-

emrerature alloys used for turbine blades and miding blades during operation

a- temnreratures of 750 to 10500C. Some of the alloys achieve or surpass the

-eve- -f the sane type of alloys abroad in casting and comprehensive mechanical

roperties. At present, these alloys are smelted in equal-static-pressure

2rucibies :f a vacuum induction fuzrnace imported from West Germany's Leybold-

Heraeus Ccmpany. The alloys are high in quality and pure in metal contents.

in thne crecision casting technique, alumina is used as the material for blade

casin , As the resources of alumina (alumina composite, alumina chamotte, and

SanAdian _t ransliterationl. clay) are abundant and available at low cost, the

2onsum'tion of electrically smelted corundum can be saved drastically. Alumina

ccmrcsite is a norous monetite--cormndum refractory, which can be processed

frcm rrChna's abundant raw materials, rich alumina and hirh-quality clay; these
2cnszituents are blended according to the monetite formula and then blarks are

arecared before calcining for long duration. Then, the blend is processed into

-rains, sorted by particle size, undergoes water dressing and is baked dry.

The refractory is sold according to technical specifications; it has the advantages

-f high strength, litte deformation, low linear expansion, and stable cuality,

and is adaptable for precision casting blades and directional crystalline blades

without excess material for machining. Refer to Fig. 5.

n precislon casting of hollow blades, ceramic cores are used (see Fit. 0);

the castlngs thus produced can achieve the specified allowance, certain denee

ofiuishng, all thickness smaller than 1 .mm, small holes of 0.2 to 0.5 mm

in Jiameter, finishing degree of V4 to 76, and sufficient strength at hi7h

temperatures. For long and thin cores, no deformation or deviation will occur

und er av- .. r y imract by liquid steel. The core is not likely to break and

:lll|-



tie -.all -hliess Df casrz-.rs ts even. .y.breover, a cerarnic core has sufficient

osatifity. jd t is easy to separate the ccre from sand. As the trace
-- ,me..s, suc. s lead, zinc, iron and bismuth, are strictly controlled in the

t has no reaction with metals.

i .Defornation photograph (15000C, 0.5 hours)
-f rin7 specimens using various shell-shaped .materials.
Key: (1) Corundum; (2) Shangdian clay; (3) Alumina
:h-amotte; (" Alumina composite.

Fig. o. Ceramic core (first-

stage turbine blade).

The accuracy of precision casting blades is +0.13 =rm, the .ishLn degoee

is 76, and no machining is required for the blade surface. .Ve have mastered The

-e.rnique of precision casting of blades without any excess amount for macliinir*-;

These :echnique steps include design of blanks, design and machnin of Jies,

anufacture of naraffin molds (Chinese-developed paraffLin molds have attaLned

the rit..sh level of RRS), manufacture of the casing, smelting, rcurir7., measure-

.ent imensicns, inspection of metall'urrj quality, and precise rositicnin.



73 y h adortin the directional crystalline furnace imported from the Leybold-

raeus Comrany of 'Jest 'ermany and 3.C.A. Company of the United States, direc-

:-cnai hollow blades (see f.p. 7) of less than 200-250 m in length can be poured

by using the power reduction and quick condensation method. The included angle

Cetween colum nar ,rystals can be controlled to less than 150, and the number of

clumnar crystals at any cross sectlon is not less than 5. In recent years, the

directional blades have been undergoing platform test runs for long duration in

en nes of :ranscrt and fghter planes. As rroved in experiments, the fatigue

serv.ce life IS 1C times higher, olasticity 4 times hizher, and seriice life 2

,:tes lonoer fcr directional blades than ordinary cast blades. T.e directional

blades crovide an effective, important measure in improving the performance of

enLines and orolonpin service life of turbine blades.

Fig. 7. First-stage turbine blades
(directional blades) of an aircraft
engine.

The casting titanium-alloy parts have extensive application prosicects in

aviation and civilian industries. The study and application of the titanium

casting technique have been undertaken for nearly 20 years. in this pericd,

there were adopted the graphite compaction model, graphite processiniz model, and

;'aphite melting-die shell model to pour many types of aviation titanium castings,

such as the engzine compressor casing used in transport and fighter planes. After

platform test runs, the compressor casings were proved tc be effective. The

ma'xum dimensions of castings -ay attain a diameter of 500 -n and len]th of

. . . . . . ... . . .. . .. . ..



- nr0 with maxm:um wei4lt slightly less than 70 kg. The front support seats of

the ai-cr!aft en-Lne .ere certified by batch production and long-term utilization

as meetin the desimc and oreraricn requirements with a proven technique.

in order to assist researchers in medical divisions of orthopedics and

iirc..... " s, artificial ioinrs (such as k:nee joint and hip joint at base
:n..z h n ,ere cast; these .oirs were tested by scores of patients. Their suffer-
.2s :.ere 7:ne an 4 -their normal wori capabiities restored. The range of patients'

aces woas :rom 20 to &0.

,qIth the industrial development, there have been ever excanding applications
Scasting steel, casting aluminum, and casting magnesiur. At present in China,

old ~condensed resin sand formirLf has been extensively adopted to attain high
accuracy and small deformation in castings. The forming technique is simple
41th 70w cost and saving of energy.

n order ,o reduce the structural weight c' aviation rarts to save raw mate-
rials and reduce machining time, in China the high-strength casting aluminum has
been mnore and mcre used. The high-strength ZL-205 casting aluminum owes its high
3ualicy tc the use of highly purified raw materials, blending of ccmlicated
alloyed elements, and heat treatment. Among the various versicns of casting

a!luminu, at T6 state, ub.50 kgran'm and 6>3 percent; at T state, a L45 ks/-m2

and 6 7 percent. Eight different types of castings have been manufactured cn a
trial basis; under ordinary static testing, the aluminum castings can bear more
than 150 percent 3f the rated destruction loading; this performance enables the

aluminum castings to substitute aluminum forgings.

?roductions of aluminum castings have been carried on for more than 20 years;
the larcest castings were 2-meter aircraft partitions and supports, as well as
large engine shells more than 1 meter in diameter. By adoption of a sequential
crystallization technique, large cylindrical magnesium parts can be cast with
high production capacity and advanced quality control.

,onclusions

10



____ -c '~-, nznu i''hrm,~ :~~r i f aviation rcli~cts and

ral-eLn -ecr 7conomld ethe' :'orlnnzs and castinpgs, we are

- fi-arI A ~n i e -;i::e r-~-'r me2so bak.Se result

* 'n ed roaia,.-c2 20aer -er~al -=Iual-stratfL-rres-ure

cia ~Sohernai ---n4-l,--S ue-rDatn r'r,,u -dLrz~ct oa~.~ -~n

~'r~sc :r~:~sati ns 3-r, -ard Driher 'jec3cncani : ::-rerarat]'ori echx1-iueS.



'T 731? TTC RESEARCH ACHIETEIT AT T BEIJING AERONAUTICAL MATERIAL

Eecentl*:, the Beiing Aeronautical Material Institute sponsored an exhibition

scientific research achievements. The exhibition items were divided into four

ta- or categories: metal materials, heat treatment technique, measurement and

testing tecnmique, as well as non-metal materials and their forming techniques.

Since the founding of the Beijing Institute, more than 750 items of scientific

research have been successfully concluded: 115 items out of the 750 were given

awards, including 94 items with important achievement awards bestowed by the

State Council and ministries, and 31 items with important cooperation awards in

scientific research achievements. At the exhibition, more than 240 items of

scientific research achievements were displayed. Among these achievements, some

lave attained an advanced technical level in domestic and abroad and some others

filled in ChIna's technical blanks.

The major scientific research achievements in the exhibition are briefly

introduced in the following.

Metal Materials

12
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The displayed metal materials included deformation and casting high-

.emerature alloys, structural steels, deformation and casting_ titanium alloys,

deformation and casting aluminum and magnesium alloys, and precious metal mate-

rials. Under the sharing efforts of the related domestic units, fundamentally

these materials have formed a series. For example, among the nickel-base casting

'nihh-temerature alloys are K19, KI9H and K002, and among the directional nickel-

case cast-L 7 hioh-temperature alloys are DK3, DK5 and DK22; their strengths at

'-. temueratures and other rronerties have attained the levels of the same type

of materials abroad. These alloys can be used in gas turbine blades operating

a 950- 3 0C, and zuiding blades operating at 1000-10500C. At present, the

nickel-base casting high-temperature alloys used in turbine blades and guiding

blades of airo-raft engine have been generally used in China (see Fig. 1).

7ig. 1. Some turbine blades made of K-series nickel-
base casting high-temperature alloys.

Successfully developed in China, the GHI40 is an iron-nickel base high-

temperature alloy used as a plate material. The base of the alloy is Fe-37Ni-21tr

solid solution, and then it is compound strengthened on austenite with alloy

elements, such as W, Mo, Al and Ti. These alloy components can maintain single-

phase austenite texture after treating alloys with solid solution. The GH140

alloy has good resistance to oxidation, high plasticity, and adequate properties

in thermal strength, thermal fatigue, punching, and welding. The GH140 alloy

can substitute for GH30 and GH39 nickel-base high-temperature alloys to make

components in combustion chamber and booster combustion chamber of aircraft

engines and power-generation gas turbines (see Fig. 2). This alloy (piate

13



.aerial is reli:able in cerformance, and capable of saving large quantities of

meta!llc nickel for the state, therefore the production of jHl40 alloy is the

rz Znest (of hizh-cemperature alloys) in China.

The 0-_ nickel-free superhinh strength steel is a key material in making

•ircraft's L- raortant str".ctural members under stress. The tensile strength b

of IC- is 130D o _n0 k ,' rm. The torsional (and shearinz) strength and stress,
~nti-2orrosion procerties ae higher than that of 30CrMhSiIIi 2 A steel. How-

ever, The notch sensitivity and anti-fati.ue properties (under repeated loadings)

of' C-4' are less than desirable. By using different standards of isothermal

treateznt, 3C-4 steel can attain different mechanical properties in order to meet

iesin and operation requirements. The steel can be used to manufacture landing

-ears, "oints, bclts and other parts under stress in an aircraft.

Throuto ccoperation by the Bei.jing institute and other related units, there

;ere success'aily develoced F26, SFCu-1, F7501, 502, 703 and 245 metal-ceramic

'raeke materials; these materials have formed a series with good friction proper-

tes. The -03 is superior in braking efficiency (by more than 100 percent) in

laboratory ,onditions than the brake materials used in Boeing 707 aircraft. The

7-echnni-al crocerties of the 245 brake material attain or surpass the level of

similar material abroad as the service life of 245 in an An-24 aircraft is more

t-an twice as !on as the FK-ll material of the USSR. At present, these materials

have been extensively used in various models of aircraft. The Chinese-made brake

materials used in new and old models of aircraft are popular in domestic market.

The brake materials used in imported civil aircraft also have been gadually

rerlaced .ith Chinese products (see Fig. 3), thus saving considerable foreign

exchange every year.

The successftul development of materials for gold-base electric contact

elements used in aviation instruments and meters has improved China's passive

situation of solely relying on imported platinum and palladium-base alloys. The

gold-base electric contact materials have additions of silver, chromium, manganese,

nickel, and molybdenum alloy elements to gold, forming a gold-base alloy series,

whose electrical, mechanical and physical properties are the same as the platinum-

2nd palladium-base alloys. The gold-base electric-contact-element materials have

good stability while contacting with chemicals and also provide high resistance

against organic-gas contamination. in the environment-gas corrosicn conditions
14



(such as in -he oxidized, sulfurized and sea-fog areas), the variaticn of electric-

ccract resistance in the case of gold-base materials is small, so it can substi-

rute platlnum- and palladium-base alloys to be used as materials for winding,

electric brush, sliding contact, conducting ring, and conducting sheet. The

adiocoon of gold-base materials can improve the quality of instruments and meters

aind reduce Lmrcrtation of rare or much demanded materials; thus, the gold-base

electric-contacz materials are generally used domestically.

t eat _Teatmen Techniques

In heat-treatment techniques, the directional condensation technique for

makLng high-temperature alloy turbine blades attracted the most attention. This

new technique was successfully developed by the Beijing Aeronautical Material

institute with close cooperation of other related domestic units. The use of

cuick condensation technioue can obtain columnar crystal castings with [001]

selective direction (parallel to the main axis of parts) properties. The length

Df the columnar crystal may reach 200 n. The quality and technical parameters

:2 the directioral condensation castings have basically attained or approached

.he level of foreign countries. The successful development of directional conden-

sation technique means that China's precision casting technique of turbine blades

has reached a new level. This development solves a key technical problem in

ieveloping high-performance aircraft engines.

Tn 1980, the development of modern casting non-poisonous map-nesium sand was

cresented with the third-class invention award by the State Council; this creative

development was the ccoerative result of the Beijing Institute and other related

units. The casting non-poisonous magnesLum sand can substitute for poisonous

sand (containing a fluorine additive) for magnesium castings. For a long time,

h.rina used molding sand containing a fluorine additive; during pouring several

poisonous gases (such as .F, SL4 and NH,,) are released to contaminate the environ-

ment, to corrode plant equipment, and most importantly to seriously impair

workers' health. Various types of magnesium alloy castinrs can be produced by

pouring into modern magnesium-casting non-poisonous sand molds; these castings
were accepted with quality evaluation. These sand molds are simple to crecare

and low in price, thus relieving fluorine's damage tc Auran body.

15



.-d >LI.u-2a ccrrer rods are ued t nufrtu' azaicn stainless-
siee!..d~. -, j; e correr ros were .develc-ped acc-rding to 'rr'llcation

*-ndi-i-ns in hina. The C .nese 2crer rods are up to the same level of technique

and mef. tnni.oal rrorerties as that of PZhL-500 rods in the 'JSSR, but the welding

7e:-e.ratre .L' the Chinese reds) is lowered by S0 to 1M00C comrared with ?ZhL-500.

Theref_'re, -,e Chinese czprer rods are free from defects of rowinv alloy-base

1r[;stas, surface melting or erosion, and too ieer: inrztration into intercrystal

,vaces.

The technique of pii!-spraying strengthening is extensively used not only in

.he aviation (parts) industry but also in other machinery industries. The

strengthenini of pill sprayinr can improve the fatigue strength of parts and

also prolonp the service life. The Bei.fing institute is exploring new ground in

the 2indamiental research on regimes -n strengthening pill-spraying.

Fin. 2. Hinh-temoerature parts Fig. 3. Chinese-made modern friction-
made of gHlJ40 alloy, material brake disks.

Successfully developed were thin aluminum plastic films and a nitrogen-filled

sealing technique; these new developments attain an advanced domestic level, by

reducini quantities of out-of-date products with less repair and scrapping as well

as oroviding convenient conditions for strategic reserve and rotational produc-

tion.

Good achievements were attained in studies of explosion spraying-coating

equipment and technique. China's first explosion spraying and coating equipment

was successfully built; in addition, the technique was studied of *-mrlosicn

coat ing-spraying of Ni-Cr-B-Si, Al wrapped in Ni, and WC wrapped in Co ,flve

ceatin layers).

M easurement and Testing Techniques



h. e :c research results o: measurement and testing techniues include

e tent testing :f mec anical oroperties, ralysis ,cf metal materials, metal

s ...i, and no-icss testinf; moi 7than 60 items using the techniques were
.S.aved. :n measuremeft and tsting, of mechanical rroverties, the Beijing

-n~sti.u:e has more tihan 200 sets of testing equipment in various types, capable

fondu2r " - mechn~ca -o rorertv tests and studies for different materials. In

ssof -Tiate-ria1 .reakin. due to fatigue, the institute has advanced facilities

t-h sif-___ant achievements -n desin and material select',., for new machines,

in a-alsis of ma,'r breadowns, -and lengtchen!ng service life of products. Ten

items of resea2ch achievements an fatiie breaking were awarded and commended by

the State Council and the Third M'Ainistry of Machine Building. Among the 10 items,

the fati Ne S-N) curve co.cnly used in aviation metal materials is the first

a- : cr scientific-research achievement thrcugh the cooperation of 18 domestic units

rQc-Arnze d by the Bei.jLnz Aeronautical Material Institute and the Beijing Aero-

.nutical Eineering Colleoe. Altogether, 96 S-N curves and 28 equal-life-span

curves were derived for 12 common aviation metal materials under various condi-

:ions. -ese c,,u -ves provide references in aircraft design, and in prolonging

an. Jeterr-.nation of service life.

The electron diffraction analysis is a physical means of studying the texture

and st.'icture of -7oortant metals. Based on many years' work activities, the

Be-i. n nstitute established a number of matrix analysis methods for the electron

iiffraction spectrum. ]omparing their methods with similar ones, both domestic

and abroad, the Bei. ing Institute's methods have exclusive characteristics. For

example, in the direction-selecting relationship between two phases, the Chinese

method improved WuieftAsike's [transliteration] work of the USSR to independently

derive tne transformation matrix formula of the direction-selecting relationship

and to Jscuss systematically methods of handling such a problem. A successful

natrix method ,Pjas proposed to handle the direction-selecting relationship of

ther than 1300 rotational twinning crystals. According to this set of matrix

methods, an 'electronic computer] program was written in marking complicated

electronic diffraction spectra of two phases, twinning crystals and high-level
Lloyd belt. As proved in practice, this method is accurate, reliable, and easy

to learn with time economy. Moreover, this method helps to promote automation in

electron microscope research.
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Th.e flucrescence infiltration method is one of the important no-loss measure-

en t and -iest . methods in the Iviation and machinery industries. A new fluores-

cence -nfiltration liquid was presented with the third-class invention award by

-he State Council in 1979; the liquid was developed through the cooperation of

he 7einr -nstitute, -he Shanghai Research Institute of Organic Chemistry (of

-he ' hnese Academy: cf Sclences), and the Hongan Machinery Corporation. This

forescence -,'rIonhqul is composed of hiLh-boilinc-point solvents,

sur ..ace activatfng auents, nfiltration agents, coupling agents, preservatives,

nd fluorescence dyes. Since refined petroleum distillates are adopted in constit-

uents f the fluorescence infiltration liquid, the other constituents (sulfur,

scdirz. and halogen elanents) are reduced. Thus, the flash point of the fluores-

2ence liquid Is raised to a temperature higher than 300 C, thus satisfying require-
ments c fuality testir of aviation products. This fluorescence liquid can be

used to detect defects Df many manufactured products; its fluorescence intensity,

Lnfl-ratiic , cleaning property, and sensitivity are up to the level of similar

orcaucts a broad.

:,cn-meta_ alterials and 7or .,ingCr Technicues

Cf non-metal materials, there were more than 60 items exhibited, including

plastics, rubber, adhesive agents, sealing materials, fuels, lubricants, special

liquids, coating agents, and heat insulation materials. Aircraft cabins and

inte 'ted fuel tanks are sealed with room-tenferature sulfide sealing agent,

sealing colloid film, and non-sulfide sealing putty; these three sealing substances

have basically formed a series. The major properties of some sealing materials

are cor-arable with those of similar materials abroad.

Under development are microwave absorption materials, which have properties

-f low reflection, high separation attenuation, softness, and light weight in

addition to an advantage that no metal reflection lining is required. Once

such materials are developed, radar tactical properties can be improved.

A rubber electron-microscope hardness meter was developed through cooperation

of domestic units. By utilizing a new technique of differential transfonations

and the advanced electron technique, the denting depth can be converted into

electric signals, shown by a digital voltmeter. This hardness meter can not only
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automatfically increase loading, but alsc raise reading rrecisicn and sensitivity.

-n addition, -he meter is ocd in stability and repetition of data.

Badar 2asi.s (see Fig. 4) were formed with a pressured pouring technique,

which is the first such achievement in China. Passed in statistical testing,

-ound electric-characteristics testing, and test flying, the radar casing rigid-

ity and strength meet design requirements.

in the 25 years, the Beijing Aeronautical Material Institute attained good

achievements in scientific research; the institute trained a number of scientific-

research cadres cf a certain tecbmical level in making due contributions to China's

aviat ion industry.

Fig. Radar 3asn "n.
formed with pouring
technique under pres-
sure.
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